ABSTRACT: We determined the overall karyotypic structure, positions of NORs, as well as the distribution of constitutive heterochromatin for Epipedobates flavopictus, E. trivittatus, E. femoralis, and E. hahneli. Despite a conserved chromosome number (2N ϭ 24), morphological differences were seen in the group of small chromosomes. Epipedobates femoralis presented a distinctive karyotype compared to the other species analyzed. All species examined had NORs on different chromosomes. The C-banding pattern showed a considerable variation among the species. Epipedobates flavopictus is remarkably different from the others in possessing only centromeric C-bands. The distribution of heterochromatin varied among species and seems to evolve as a species-specific trait. We suggest that NOR location variability indicates that some rearrangement mechanisms have taken place during the evolutionary history of this group, because Dendrobatidae is considered a monophyletic taxon. We do not discard that some general pattern in either C-band or NOR location, or both, may emerge when more species of this genus are analyzed.
POISON frogs are common leaf-litter inhabitants of neotropical rainforests. Six genera and 157 species belong to this family, which is characterized by presumably aposematically colored frogs with diurnal activity (Ford, 1993) . The genus Epipedobates (sensu Myers, 1987) comprises an assemblage of 29 named species (D. Frost, http://research.amnh.org) distributed in lowland and Andean forest, from northern South America to lower Central America. It is recognized by a suite of characters that are considered mostly plesiomorphic within Dendrobatidae (Myers, 1987) . The species currently belonging to this genus were formerly classified in other genera, such as Dendrobates, Allobates, and Phyllobates (D. Frost, http://research.amnh. org), which indicates the difficulty of classifying this group of species. According to Myers (1987) , the classification of dendrobatids has never been satisfactory, mainly because they share such a similar morphology that taxonomists had access to few characters.
Karyotypic analysis has been used by systematists in formulating more rigorous 4 CORRESPONDENCE: e-mail, shirlei@unicamp.br hypotheses concerning phylogenies of some groups, and has also been used by cytogeneticists to deduce the chromosomal rearrangements incorporated in the course of evolutionary history (Batistic, 1984; Beç ak, 1968; Bogart, 1970 Bogart, , 1973 Bogart, , 1991 Bogart and Wasserman, 1972; Cole, 1974; De Lucca and Jim, 1974; Green, 1986; Morescalchi, 1973, Qumisiyeh and Baker, 1988) . Further, comparative cytogenetics has advanced extensively with the development of techniques for differential staining of mitotic chromosomes, such as C-banding and silver-staining of nucleolus organizer regions (NORs) (King, 1980 (King, , 1991 Lourenço et al., 1998 Lourenço et al., , 1999 Miura, 1995; Schmid, 1978a Schmid, ,b, 1980 Schmid and Almeida, 1988; Schmid et al., 1990a Schmid et al., ,b, 1995 .
Regarding dendrobatids, a few studies have taken advantage of karyotype analysis as an additional tool in the analyses of phylogenetic relationships (Bogart, 1991; Morescalchi, 1973; Rasotto et al., 1987) , but no study has used differential staining methods on chromosomes in this group. A more extensive cytogenetic analysis using a greater number of species and genera could be useful in the understanding of the evolutionary history of dendrobatids. HERPETOLOGICA In the present study, we characterize the karyotypes of Epipedobates flavopictus, E. trivittatus, E. femoralis, and E. hahneli with the aim of contributing new data for understanding patterns of chromosomal variation, and the potential of these data to help resolve intra-and intergeneric relationships in the Dendrobatidae.
MATERIALS AND METHODS
We carried out karyotype analysis on six specimens of E. flavopictus (four males, two females), eight E. trivittatus (five males, three females), seven E. femoralis (four males, three females) and 10 E. hahneli (eight males, two females). The specimens were collected in the rainy seasons of 1997 and 1999, with authorization from the Brazilian Institute of Environment (IBAMA) (02005.001367/99-58-AM).
We collected E. trivittatus and E. hahneli in lowland Amazonia, approximately 40 km south of Manaus, Amazonas, Brazil (3Њ 37Ј 10.4Љ S, 59Њ 86Ј 78.4Љ W) in the municipality of Castanho, at Km 12 on the road to Autazes. Specimens of E. femoralis were collected in a 10,000-ha tropical rainforest reserve, Reserva Florestal Adolfo Ducke (Reserva Ducke), located 25 km northeast of Manaus, Amazonas (03Њ 08Ј S, 60Њ 04Ј W), and E. flavopictus were from Serra do Cipó , Santana do Riacho municipality, Minas Gerais State.
All animals received an intraperitoneal injection of 2% colchicine solution 4-6 h before they were sacrificed. Mitotic chromosomes were obtained directly from the intestine and testes after this in vivo colchicine treatment. The techniques used for the preparation of cell suspensions have been described previously (Schmid, 1978a; Schmid et al., 1979) . Conventional staining with a 10% Giemsa solution was used for analyses of chromosome morphology, and silver nitrate labelling for nucleolar organizer regions (Ag-NOR) followed Howell and Black (1980) . C-banding patterns were obtained by the technique of Sumner (1972) . In this procedure, slides were incubated for 30 min at room temperature in 0.2N HCl, then for a variable time at 50 C in a saturated Ba(OH) 2 solution, and briefly washed in distilled water. Immediately thereafter, the preparations were incubated for 1 h in 2SSC at 65 C, washed in distilled water, and finally stained with Giemsa (10%, pH 6.8).
RESULTS
All four species had 2N ϭ 24 chromosomes and their karyotypes consisted of six pairs of large chromosomes and six pairs of small chromosomes ( Fig. 1 ; Table 1 ). Clear karyotypic distinction among the species could be seen from the considerable differences in chromosome arm ratios (Table 1) , and most of these were observed among the smaller chromosome pairs (Fig.  1 ). The number of telocentric chromosome pairs was three in the E. flavopictus (chromosomes 9, 11, 12; Fig. 1A ) and E. hahneli (10, 11, 12; Fig. 1D ), two in E. trivittattus (9, 11; Fig. 1C) , and none in E. femoralis (Table 1) . Metacentric and submetacentric morphologies prevailed in the larger chromosomes of all four species, although one subtelocentric pair was also found in each of the karyotypes of E. flavopictus and E. trivittatus (pair no. 4 in both) and E. hahneli (pair no. 5) ( Table 1) .
The karyotype of E. femoralis was remarkably different from the others. It had meta-and submetacentric chromosomes in most pairs (eight pairs of meta-and three pairs of submetacentrics), and only one subtelocentric pair (pair no. 12, Fig.  1C ; Table 1 ). Only this species had a conspicuous secondary constriction, on pair no. 7 (heteromorphic among the two homologues) (Fig. 1C) .
In spite of these differences, some homeologies can be identified between the four karyotypes. Pairs no. 1-3 and 6-8 seem to be nearly identical in overall morphology, arm ratios, and centromere positions ( Fig. 1 ; Table 1) .
AgNO 3 Ϫ staining of the chromosomes revealed that the NORs are located on different chromosome pairs in the four species. The NORs are present at the telomeric region of pair no. 12 in E. flavopictus, on the interstitial region of pair no. 9 in E. trivittatus (being slightly heteromorphic and adjacent to a heterochromatic band), on pair no. 7 in E. femoralis (being heteromorphic and coincident with the secondary constriction), and on the long arm of pair no. 4 in E. hahneli (squares in Fig. 1A-D) .
The centromeric regions of all chromosomes carry constitutive heterochromatin that is darkly stained ( Fig. 2A-D) . Considerable interspecific variation in C-banding pattern was observed among the karyotypes examined because of the differences in number, location, and size of interstitial, pericentromeric, and telomeric heterochromatic regions. The remarkable exception was the karyotype of E. flavopictus, which possesses only centromeric heterochromatin (Figs. 2A, 3A) . Some of the non-centromeric bands present gray staining, that in some cases is not easily observed ( Fig. 2A-D, 3A-D) .
In E. trivittatus, the C-band detected on the long arm of the chromosome pair no. 5 is sub-divided in small blocks [ Fig.  2B (square) , 3B]. Moreover, telomeric bands are found in the long arm of pairs no. 6, 10, and 12, and the two telocentric chromosomes showed pericentromeric Cbands (Fig. 2B, 3B) . Except for the secondary constriction region, the short arm of chromosome pair no. 7 in E. femoralis is totally heterochromatic. A distinctive Cband can be seen in the pericentromeric region of the metacentric pair no. 10, and another peculiar band is located in the telomeric region of chromosome pair no. 1 (Fig. 2C, 3C) .
The heterochromatic segment on the long arm of chromosome no. 4 of E. hahneli was coincident with the ribosomal HERPETOLOGICA gene loci. Large centromeric blocks are distinctive in this species. Moreover, in pair no. 4, two large blocks of heterochromatin are apparent on the pericentromeric region of the long and the short arm. Two of the three telomeric pairs (no. 10 and 11) show C-bands in either pericentromeric (pair no. 10) or subtelomeric positions (pair no. 11) (Fig. 2D, 3D ).
DISCUSSION
The diploid chromosome number (2N ϭ 24) of the four species analyzed here is in agreement with those presented by Bogart (1991) for E. trivittatus, E. femoralis, and E. pictus. The karyotypes of E. trivittatus and E. femoralis described by Bogart (1991) are quite similar to those described here, although the secondary constrictions detected in those karyotypes were not observed in our analysis. Bogart (1991) examined only female specimens of E. femoralis and also found the heteromorphism in pair no. 7. The heteromorphic pair was regarded as a chromosomal polymorphism or a sex-related characteristic. We analyzed male and female karyotypes and verified that this heteromorphism, found in all of the specimens, is due to the different length of the secondary constriction (in the short arm) between the two homologous and, therefore, is probably not sex-related.
Although the four species have the same chromosome number, they can be easily separated from each other by some differences in chromosome morphology. Whereas we found no telocentric chromosomes in E. femoralis, we observed two in E. trivittatus and three in E. flavopictus and E. hahneli. Also, the large group of chromosomes of E. femoralis has only meta-and submetacentric pairs, while the other species also have one pair of subtelocentric chromosomes (pair no. 4 in E. femoralis and E. trivttatus, and pair no. 5 in E. hahneli). Such differences in chromosome morphology can also be observed in the karyotypes of Colosthethus and Dendrobates that have been described; and in the latter, chromosome number variation (2N ϭ 18 to 20) was detected also (Bogart, 1991; Rasotto et al., 1987) .
Telocentric chromosomes have been found in all dendrobatid genera examined, including those species with lower chromosome number, regarded as an apomorphic state (Bogart, 1991; Rasotto et al., 1987) . This led Bogart (1991) to conclude that the analysis of the number of chromosome arms would be of little value for understanding karyotype evolution in the family Dendobatidae and that chromosomes have undergone extensive restructuring via translocations and inversions in this group. In the species of Epipedobates, such restructuring seems to have occurred without any change in the chromosome number. The karyotypic differences found here can also suggest that the four species have probably acquired the same chromosome number by the process of convergence, as indicated by Bogart and Hedges (1995) for Eleutherodactylus gossei and E. pantoni. The results obtained for Epipedobates femoralis seem to be additional data that point out the peculiarity of this species within this genus. Behavioral, dietary, and molecular data have also provided evidence that proposes the classification of this species in a separate clade, more closely related to the genus Colostethus (Caldwell, 1996; Clough and Summers, 2000; Toft, 1995; Vences et al., 2000; Zimmermann and Zimmermann, 1988) .
A general feature of the anuran karyotypes, as indicated by Schmid (1978a) and Schmid et al. (1990b) , is the presence of only one pair of NORs, usually located on the same chromosome region in species belonging to the same or closely related groups. In the species of Epipedobates analyzed in the present work, the NORs are located on different chromosome pairs. Such interspecifc variation was also found in some hylid (Anderson, 1991; Schmid, 1978a,b) and some bufonid species (Anderson, 1991; Baldissera et al., 1999) . According to Schmid et al. (1990b) , these examples of interspecific variability in NOR location indicate that chromosomal rearrangements occurred in the NOR-bearing chromosome segments during evolution. Translocations and inversions could be the mechanism implicated in the transfer of NORs between chromosomes as complete packages (Schmid, 1978a) .
The NOR size heteromorphism between homologous chromosomes, like that found in E. trivittatus, also occurs in all other vertebrate classes and seems to be a general property of nucleolus organizers (Schmid et al., 1990b) . In anurans, a high frequency of NOR heteromorphisms has been shown, and some of them are due to tandem duplication (as observed in chromosome no. 7 of E. trivittatus) or triplications in one of the two NORs (Schmid, 1982; Schmid, 1978a) . Schmid (1982) and Schmid et al. (1990b) suggest two mechanisms to explain such development of heteromorphic NORs: unequal meiotic crossovers or sister chromatid exchanges. Gold (1979) also considered that mechanisms of disturbance in the DNA duplication could be responsible for spontaneous additions or deletions of NOR material. The slight heteromorphism on pair no. 9 in E. trivittattus probably reflects a simple amplification of ribosomal cistrons.
Heterochromatin associated with rDNA, like that observed in the NORbearing chromosome 4 of E. hahneli, was also found in a species of Bufo examined by Kasahara et al. (1996) . King (1991) suggested that the spacer regions between the 28Sϩ18S cistrons are probably composed of highly repetitive DNA, which could explain the staining of such segments by the C-banding technique.
Our study is the first report of C-banding analysis on any member of the family Dendrobatidae. The karyotypes of the species of Epipedobates presented variation in the stainability of the bands and in the amount and distribution of heterochromatin. Variation in the stainability of some C-band positive regions after alkaline denaturation has also been reported in other studies (King, 1980; Miura, 1995) and may indicate that the constitutive heterochromatin has a heterogeneous composition, as predicted by Arrighi and Hsu (1971) and Schmid (1978b) . King (1991) suggests that the increase in the amount of heterochromatin, by addition at particular chromosomal sites or by the transformation of euchromatic regions to constitutive heterochromatin, seems to be an apomorphic characteristic in anuran karyotypes (see also review by Imai, 1991) . If such processes also take place in the chromosome evolution of the genus Epipedobates, we can infer that the karyotype of E. flavopictus is more plesiomorphic, because only centromeric bands were found. Nevertheless, we cannot discard that such a striking difference in the amount of heterochromatin may be related with the occupation of a distinct habitat in relation to the Amazon species.
The high variability in amount and distribution of C-band observed in our analysis is in agreement with that described for other species of neobatrachian anurans. According to King (1991) , most neobatrachian species analyzed by the C-banding technique show enormous interspecific diversity in both the distribution and amount of heterochromatin within their genomes; although, in some cases, they present regularities that can be used to characterize species groups (Kasahara et al., 1996) . Such noticeable interspecific variation on the C-banding pattern found in these Epipedobates karyotypes precludes the recognition of synapomorphies among them, and thus makes a secure inference of their phylogenetic relationships difficult. Kaiser et al. (1996) and Bogart and Hedges (1995) analyzed some of the 30-chromosome species of Hyla and some species of Eleuthrodactylus respectively, and they also considered that heterochromatin variability is a poor indicator of homeology, providing little information useful to de-termine the relationships among species. Kaiser et al. (1996) also suggested that, because the chromosome number (2N ϭ 30) is retained in all karyotypes of the Hyla that they examined and the banding analyses did not enable a detailed identification of homeologous regions on chromosomes, the majority of the differences in morphotypes of the chromosomes can be attributed to inversions. This is also the probable mechanism that has occurred in the karyotypes of Epipedobates described here. Green (1986) also found some differences in chromosome morphology and C-band pattern in species of Rana. Using the known karyotypes of the species of the R. pipens group as an outgroup, he coded chromosomal character-state data matrix for a phylogenetic analysis, and the results reinforced earlier morphologically based taxonomies. Green (1986) concluded that, while chromosome bands provide more characters in individual karyotypes, determination of homeologies between chromosome pairs remains a problem. For the moment, phylogenetic analyses, like those of Green (1986) , are not possible in Dendrobatidae due to the scarcity of karyotypic data.
In conclusion, the variability in the NOR and C-banding patterns observed here reinforce the hypothesis that dendrobatid chromosomes have undergone extensive restructuring via translocations and inversions, as proposed by Bogart (1991) . We do not discard the possibility that these interspecific variations for the genus Epipedobates can be minimized when more species have been analyzed. According to Bogart (1973) , when the karyotypes of a large number of related species are examined, patterns usually emerge. Also, we do not discard that such variations may be a consequence of the possible paraphyly of the genus Epipedobates, recently indicated by molecular analysis (Vences et al., 2000) .
According to King (1990) , karyotypic similarities and differences may be used to infer phylogeny if chromosome numbers, C-bands, sites of secondary constrictions, or other ''markers'' can be traced to a common ancestral karyotype in a monophyletic lineage. Although the present work contributes new data on the karyotypes of the poison frogs, there is still insufficient information for phylogenetic reconstructions. When more species have been analyzed, including those belonging to the currently accepted basal Dendrobatidae genera (Colostethus and Aromobates), we will be open to the possibility of coding individual chromosome pairs in a phylogenetic character matrix, following Green (1986) and Borwick (1995) .
